An efficient method for the synthesis of 1,4-disubstituted triazoles has been developed with the help of ultrasound irradiation in water at room temperature. Under the optimized conditions, a novel series of 1,4-disubstituted 1,2,3-triazoles was synthesized in high yields.
Introduction
The classical Huisgen 1,3-dipolar cycloaddition reaction of organic azides and alkynes, studied by Huisgen and co-workers in the 1960s [1] , has recently regained attention, owing to the discovery that the rate of the cycloaddition can be accelerated greatly by Cu(I) catalysis [2, 3] . The active Cu(I) ion can be generated directly from Cu(I) salts or in situ from Cu(II) salts in the presence of a reducing agent (often sodium ascorbate or metallic copper). Usually Cu(I) salts are used in organic or aqueous solvents together with a base or a ligand [2 -4] . Cu(II) salts in the presence of sodium ascorbate have been successfully applied to the 1,3-dipolar cycloaddition, except in special circumstances, when the reactants are reduced by sodium ascorbate in situ [5] . It was reported that metallic copper can replace sodium ascorbate as a reducing agent to generate Cu(I) ions by the comproportionation of Cu(0) and Cu(II). The reduction of the reactants can often be avoided by using metallic copper as a less reductive agent. Compared to catalyst systems composed of Cu(I) salts and Cu(II) salts/sodium ascorbate, reactions catalyzed by a Cu(II) salt/Cu catalyst system usually need relatively long reaction times at room temperature [6 -9] .
Ultrasound-assisted organic synthesis, as a synthetic approach, is a powerful technique that is used to accelerate organic reactions. The notable features of the ul-0932-0776 / 11 / 0100-0077 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com trasound approach are enhanced reaction rates, formation of pure products in high yields, and easier manipulation [10, 11] . However, only a few 1,3-dipolar cycloadditions promoted by ultrasound irradiation have been reported. Reddy described a three-component reaction catalyzed by CuI with the help of ultrasound irradiation, by which the corresponding 1,2,3-triazoles were obtained in a one-pot reaction using substituted benzyl chlorides, sodium azide and alkyne as reactants. The disadvantage of the one-pot method is that the influence of ultrasound on the essential step of 1,3-dipolar cycloadditions can not be explored directly [12] . Cravotto chose only metallic copper as a catalyst for the investigation of the 1,3-dipolar cycloaddition in 1,4-dioxane/water with the help of ultrasound irradiation, however, a relatively high temperature was needed [13, 14] . It is known that organic reactions in water are of great interest especially in relation to today's environmental concerns. However, the 1,3-dipolar cycloaddition in water was necessarily carried out in the presence of a ligand or a base, otherwise a long reaction time would be necessary [15 -19] . In the work described in this paper, an efficient method for 1,3-dipolar cycloadditions under relatively mild and environmentally friendly conditions is established, involving Cu(OAc) 2 /metallic copper as a catalyst system and water as reaction medium with the help of ultrasound irradiation in the absence of the related ligand or a base. 
Results and Discussion
Initially, different cupric salts (5 mol-%) together with copper wire (100 mol-%) shown in Table 1 were screened for their catalytic efficiency in the 1,3-dipolar cycloaddition. Propargyl phenyl ether (1) [20] and ethyl 2-azidoacetate (2) [21] were used as representative substrates in this screening (Scheme 1). All the reactions were carried out in water under continuous sonication for 120 min. Among the tested catalysts the best catalytic efficiency was observed for Cu(OAc) 2 /Cu wire. Most notably, the 1,3-dipolar cycloaddition reaction catalyzed by Cu(OAc) 2 /Cu wire was completed within 20 min in 92 % yield (Table 1) . In comparision to Cu(OAc) 2 /Cu wire, lower catalytic efficiencies were observed for other cupric salt/Cu wire catalysts, among which Cu(ClO 4 ) 2 /Cu wire showed the lowest (20 % yield) and CuSO 4 /Cu wire the highest (88 % yield). It is worth to mention that nearly no catalytic effect was observed for Cu wire within 120 min, wheras a relatively high efficiency was observed for Cu(OAc) 2 ·H 2 O (70 % yield within 120 min). The catalytic efficiency of the cupric salt/Cu wire increases in the order Cu(ClO 4 ) 2 /Cu wire, Cu(NO 3 ) 2 /Cu wire, CuBr 2 /Cu wire, CuCl 2 /Cu wire, CuSO 4 /Cu wire and Cu(OAc) 2 /Cu wire.
In order to investigate the influence of the amounts of copper wire in the Cu(OAc) 2 /Cu wire catalyst system, the cycloaddition reactions were performed with gradually varied amounts of copper wire, from 5 mol-% to 200 mol-% with a fixed amount of Cu(OAc) 2 (5 mol-%). The higher the concentration of Cu(I) generated from the comproportionation of Cu(OAc) 2 /Cu wire in situ, the faster was the rate of the reaction [22] . As can be seen from Fig. 1 , the reaction time decreased with increasing amounts of copper wire until the amount of copper wire was raised to 150 mol-%, indicating that at least 150 mol-% copper wire was needed to provide a sufficient surface area exposed to Cu(OAc) 2 for accelerating the comproportionation. The cycloaddition can be complete within 10 min with a concentration of 150 mol-% copper wire. Cu(OAc) 2 (5 mol-%)/Cu wire (150 mol-%) was finally chosen as an appropriate composition of a catalyst for the 1,3-dipolar cycloaddition.
In order to investigate the influence of ultrasound on the 1,3-dipolar cycloaddition, the following experiment was designed. The cycloaddition catalyzed by Cu(OAc) 2 /Cu wire was carried out in water at room temperature in the absence or presence of ultrasound irradiation. According to TLC monitoring, 20 h were required to complete the cycloaddition reaction in the absence of ultrasound irradiation in 80 % yield, but only 10 min in the presence of ultrasound irradiation in 92 % yield, showing that the ultrasound irradiation greatly accelerates the reaction and enhances the yield. In all, the optimized relative quantities of reactants, catalyst and solvent are: organic azide (1.0 mmol), terminal alkyne (1.0 mmol), Scheme 2. Synthesis of compounds 4 -16. Cu(OAc) 2 ·H 2 O (5 mol-%)/Cu wire (150 mol-%) and water (5 mL). A series of 1,4-disubstituted 1,2,3-triazole derivatives were synthesized based on the optimized conditions (Scheme 2, Table 2 ). As shown in Table 2 , reactions between substituted terminal alkynes and organic azides, including benzyl azide and phenyl azide, under the optimized conditions gave 1, 4-disubstituted 1,2,3-triazoles in good yields.
In summary, a highly efficient synthesis of 1,4-disubstituted 1,2,3-triazoles in water was developed by using Cu(OAc) 2 /Cu wire as the catalyst with ultrasound irradiation.
Experimental Section

General
All the chemicals were obtained from Tianjin Kermel Chemical Reagent Co., Ltd. and used as received. Melting points were recorded on an electrothermal apparatus and are uncorrected. Sonication was performed in a Kunshan KQ-250B ultrasonic cleaner with a frequency of 40 kHz and a power of 150 W. IR spectra were recorded on a Shimadazu IR-408 spectrometer. 1 H and 13 C spectra were recorded on a Bruker 400 spectrometer operating at 400.13 and 100.61 MHz, respectively, with 13 C spectra being recorded proton-decoupled. 1 H and 13 C chemical shifts are quoted in parts per million downfield from TMS. ESI MS were recorded on a Bruker Esquire 3000 instrument. High-resolution mass spectra (HRMS) were performed on a Micromass Q-TOF MicroTM mass spectrometer with an ESI source (Waters, Manchester, UK). Substituted terminal alkynes were synthesized according to the literature [20, 23 -26] . Benzyl azide [21] and phenyl azide [27] were also synthesized according to previous reports.
General procedure for the synthesis of triazoles
A mixture of organic azide (1.0 mmol), terminal alkyne (1.0 mmol), Cu(OAc) 2 ·H 2 O/Cu wire (10 mol-%) in water (5 mL) was sonicated for the time indicated in Table 2 in a laboratory ultrasonic cleaning bath at r. t. After completion of the reaction as indicated by TLC, the reaction mixture was diluted with saturated aq. NH 4 Cl (20 mL) and extracted with CH 2 Cl 2 (3 × 15 mL). The combined organic layers were washed with brine (10 mL) and dried over anhydrous Na 2 SO 4 and filtered. The solvent of the filtrate was removed in vacuo to give the pure product. 121.9, 120.8, 114.4, 111.8, 63.1, 55.7 
1-Benzyl-4-[(2-methoxyphenoxy)methyl]-1,2,3-triazole (4)
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4-[(2-Methoxyphenoxy)methyl]-1-phenyl-1,2,3-triazole (5)
1-Benzyl-4-[(3-methoxyphenoxy)methyl]-1,2,3-triazole (6)
1-Benzyl-4-[(4-methoxyphenoxy)methyl]-1,2,3-triazole (8)
